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Abstract—The effects of vegetation media
on the planning and design of radio links at
microwave and millimeter wave frequencies
are considerable and must be accounted for
by radio system operators and users.  This
paper presents a study of propagation
models for the excess attenuation of signals
caused by such media whose mathematical
descriptions have been optimized using
measured data. This paper shows that one of
the models which expresses the attenuation
as a function of frequency and depth of
vegetation gives close predictions for the
two broad generic cases of trees 'in-leaf and
'out-of leaf . Measurements have been made
to determine the extent of attenuation of
millimeter-wave signals when propagated
through vegetation. Methods for predicting
such attenuation exist, but are either
deterministic in form or therefore complex
to implement or are completely empirical
and take no account of measurement
geometry.  A  new  semi-empirical  model  is
presented here which is based on
measurements of vegetation attenuation
presented previously, and has some account
of the measurement geometry. This model is
compared with measured data and is shown
to give considerably better agreement.
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I. INTRODUCTION
Wireless links are revolutionizing personal
and telecommunication services with overall
growth in satellite communication markets.
Increased capacities and wider bandwidths
require  system  designers  to  consider
frequencies at higher bands e.g. microwave
and mill metric frequencies.
   Analytical studies based on experimental
measurements  showed  that  the  effects  of
trees singly or as a group in the radio path of
a point-to-point link influenced the received
signal level. In this experiment we
determine the amount of penetration at 11.2
GHZ at 11.2 GHZ the received signal was
down converted to an IF of 1.2 GHZ .The IF
frequency was monitored on a spectrum
analyzer connected to computer to record
the signal strength. The transmitters were
placed at 11 m and 4 m height from tree .the
receivers were mounted at a higher 4 m.
Vertical polarization was used in dry
weather with moderate wind .The signal
Strength was recorded 60 times in the
midway between the trees .the signal
received is normalized to the signal level
expected   Previous modeling has suggested
the form
          L = K d X (1)
Where L is loss in dB and d is the foliage
depth in meters. K and x are parameters
calculated to give good fit with the
measured observations.
II. NON ZERO GRADIENT MODEL
The nonzero gradient model (NZG) goes
some way towards this since it has
parameters for the initial and final
attenuation rates
 A = - (R∞ d +k (1-exp (- )))   (2)
   Where R0 is the initial attenuation rate, R∞
is the final attenuation rate, k is a final
attenuation  offset  and  d  is  the  depth  of
vegetation in meters.
Table 1. NZG model parameter values from
measured data [3].
Model
parameter
 At    11.2 GHZ
R0  [dB m]
R∞ [dB m]
K    [dB]
5.67
0.33
19.10
‘
The maximum attenuation rate (MAR)
model applies when the attenuation rate
flattens out at larger depths of vegetation.
This model is reduction of equation and
given by
          A=-(Am (1-exp (- Rod/Am )))   (3)
Where A m   .is the maximum attenuation, R0
is the initial attenuation rate and d is the
vegetation depth. This values which
obtained in this model using the measured
data are shown in ‘Table 2’
 Table 2. MAR model parameters values
from measured data [3].
Model
parameters At 11.2 GHZ
RO  [dB m]
Am  [dB]
1.43
55.55
From’ figure 1’. It can be seen that the NZG
model give better fit than the MAR model
The  NZG  model  is  more  suited  for
vegetation media of relatively small
depths.There is a pronounced difference
between the modeled results at 11.2 GHZ.
That shown in ‘Figure 1’
This could be due to gaps caused by the
absence of leaves and wind movement.More
consistency is expected in the foliated state
.The data has a mean variation of 8.5 dB
over all variation depths.
III. ITU-R MODEL
The current ITU-R recommendation
applicable at frequencies for the prediction
of vegetation attenuation gives the
attenuation in dB
     A = 0.2 f 0.3 d 0.6                            (4)
This model was compared with the database
of measurements for the case of vegetation
in leaf and out of leaf. When compared with
the database of in-leaf measurements, the
ITU-R gave б=22.1dB .The optimum fit to
the data by change values 0.2 and 0.6. For
the case of vegetation in leaf, the attenuation
is given by
         A=15.6 f-0.009 d 0.26   dB                   (5)
Which gives a fit of б= 10.8 dB
For the case of out of leaf
        A= 26.6 f -0.2 d 0.5   dB                   (6)
Which gives a fit of б =10.4 dB
However, this model gives a fit to individual
data sets, and further scaling to
measurement frequency and geometry is
required.
    In order to account for the site geometry,
one must consider the extent of illumination
of the vegetation medium.This may be
characterized by the illumination width, W,
as shown in figure 2.
   Figure 2. Vegetation measurements
geometry [3].
W is the maximum effective coupling width
between the Transmit and Receive antennas
that lie within the vegetation medium (that
given at the largest measured vegetation
depth), defined by [3]
                                                                   (7)
IV. DISCUSSION
A  comparison  was  made  of  this  dual
gradient  model  (DG)  with  the  database  of
measured data .for the in –leaf case, the new
model gives a standard deviation fit of б=8.4
dB and for the out of leaf case б=8.1 dB,
which reduce by more than half the standard
deviation given by ITU-R model.
    Figure 3 shows comparison of the DG
model  with  the  data  measured  at  11.2  GHZ
and two measurements sites for the in –leaf
case.
Figure 3: Comparison of vegetation
attenuation models with measured
Data for 11.2 GHZ
V. CONCLUSIONS
Prediction models expressing the excess
attenuation of vegetation media as a function
of frequency and path length and which do
not require specific details of site geometry
are highly desirable in the design and
planning of radio systems.
   Such models have been described and
their performance analyzed against
measured data obtained at frequencies for
both in-leaf and out-of-leaf states. Although
this model was developed by optimizing its
parameters with respect to measured data,
site dependence was minimized by using
measured data from a number of sites
having different path geometries and tree
types.
    As a result, two functions are defined
corresponding to the two broad generic
cases of in-leaf and out-of-leaf. The role of
measurement  data  in  the  development  of
vegetation attenuation and scatter models is
very important and further work is required
in order that future models account for
effects resulting from the specific
characteristics of the vegetation site.
   This  does  not  detract  from  the  value  of
simplified models Such as the FITU-R and
NZG, which are particularly important
where site specific information is either
missing or costly to obtain.
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